Abstract -A synaptonemal complex (SC) study of specimens of Nellore and Gyr breeds of Bos taurus indicus was performed with the main objective to identify and determinate the frequency of abnormalities of SC and the frequency of cells with abnormalities. All animals analyzed had 29 autosomal bivalents and one sexual bivalent. The Nellore breed had 30.00% of cells with SC abnormalities while the Gyr breed had only 11.11%. Statistical analyses showed that there were not significant differences for the number of cells with abnormalities among the breeds studied. The subspecies Bos taurus indicus had 16.92% of cells showing abnormalities, being 62.82% of these abnormalities in zygotene and 37.18% in pachytene. Some aspects regarding the frequency of cells with abnormalities and the fertility of Nellore and Gyr breeds are discussed.
INTRODUCTION
The zebu cattle (Bos taurus indicus) originated in the region formed by India (including Pakistan)-Burma-Malaca and was introduced into several other areas and countries of Asia, Africa, Australia and the Americas notably South America (DOMINGUES 1966) . Their importation into Brazil began in 1868 (DOMINGUES 1966) and actually the number of zebu cattle in Brazil is estimated in 128 million (LOBO 1996) . These zebu cattle are of great importance in terms of animal production in Brazil and other tropical areas, due to their tolerance of heat, resistance to ticks, and ability to survive in areas with sparse nutritional resources (VERISSIMO 1993) . The Nellore breed is as an excellent producer of meat ( ANUALPEC 97 1997) and the Gyr breed is employed in dairy herds because of its good productivity and rusticity (PROSPERI et al. 1998) .
According to FONSECA (1989) , the number of both infertile and sub-fertile zebu bulls in Brazil is high with approximately 40% of the animals exhibiting some fertility problems. Although fertility may be influenced by many factors, the correct chromosome synapsis in the first meiotic prophase is very important for the production of balanced gametes (GILLIES 1989) . The identification of the synaptonemal complex (SC) as the structure responsible for the chromosome synapsis during meiosis made way for the analysis of both structural and functional aspects of the chromosome pairing and for the understanding of how it can be related to the fertility (GILLIES 1989) .
In the present study, the process of chromosome pairing of specimens of Bos taurus indicus of the Nellore and Gyr breeds was studied in detail with the objective of comparatively analyze the chromosome pairing of these animals and to determine the frequency occurrence of abnormalities during several stages of meiosis. These analyses are part of a wider study that in-elude the analysis of the SC of B. t. taurus, B. t. indicus, and hybrids of Brazilian cattle.
MATERIAL AND METHODS

Animals
Testis of 19 specimens of the Nellore were obtained in Bataguaçu, State of Mato Grosso do Sul, Brazil, and of 2 specimens of Gyr from Itatinga, State of Sao Paulo, Brazil.
Spread preparation
The SC was analyzed by the technique of surface spread (SANTOS 1993) . Briefly, the spermatocytes were lysed with Triton X100 (0.01%), fixed in paraformaldehyde (4%) and stained with silver nitrate 50% (HOWEL and BLACK 1980) . The SC was transferred to electron microscopy grids of 75 mesh, examined with electron microscopy (Phillips EM 301, to 80 kV) and photographed using Eastman-Kodak films. Photographs of 27 cells of Nellore and 38 cells of Gyr were recorded.
Classification of the cells
In the analysis of the different stages of cellular development, two zygotene substages were recognized corresponding to the early and late process. In the pachytene, three sub-stages (early, middle and late) were recognized based on the degree of pairing of the bivalent, the reduction of the size of the axes, condensation of the sexual vesicle and dispersion of the nucleoli in agreement with the proposal of GREENBAUM et al. (1986) .
Analyses
For each cell analyzed, the number of occurrences of the following parameters was registered according to its developmental stage: 1. intimate connection between the XY axes and autossomes (XY-A); 2. lateral elements with unequal length (UL); 3. Y chromosome broken (YB); 4. association of two telomeres of a same SC (bivalent in arch) -association end-to-end (EE); 5. delay pairing (DP); 6. heteropycnoic unparied part (UHP); 7. telomere association (TA); 8. univalent (U); 9. break (B); 10. pairing failure (PF); 11. occurrence of unpaired parts (UP); 12. twister (T) and 13. telomere concentration (TC).
Cells displaying characteristics 1 through 11 were counted as carriers of abnormalities. The parameter PF (10) was only considered when the cells were not in late pachytene because in this case it was not possible to distinguish between pairing failures and the failures due to the occurrence of dessinapse. The parameter DP (5) was only considered when cells in pachytene showed autosomes still unpaired.
The data on the occurrence of the various types of abnormalities were analyzed by the Wilcoxon-MannWhitney test (ZAR 1996) . The data regarding the proportions of cells revealing abnormalities were statistically analyzed by the Fisher exact test (ZAR 1996) .
RESULTS
The analyzed specimens of Bos taurus indicus had 29 autosomal bivalents and one sexual bivalent (Fig. la) . In an extremity of the biva lent, a dense cloud of proteic material was observed representing the kinetochore and in the other extremity the presence of a differentiated terminal plate was observed (Fig. la) . The autosomic bivalents had a central element and two lateral elements; the distance between the lat eral elements was about 100 nm. The mean length of SC in pachytene was 180 µm.
The observed behavior of SC in zygotene and pachytene was similar to that described in the literature by GREENBAUM et al. (1986) . In the early pachytene, the autossomos were completely paired and the XY chromosomes were totally heteropycnoic. In the middle pachytene, the sexual bivalent shows the unpaired heteropycnoic region of the X chromosome forming progressive loopings (Fig. 1b) . In the middle pachytene cells, it was observed that the unpaired segment of the Y chromosome was usually broken (Fig. la) .
In the cells studied, the types of abnormali ties observed included: intimate connection be tween the XY axes and autossomes, lateral elements with unequal length, Y chromosome break (Fig.  la) , telomere association in the same SC, delay pairing, heteropycnoic unpaired parts, telomeres association, univalent, breaks (Figs. 1c e 1d ), pairing failures (Fig. 1c) and unpaired parts. Table 1 shows the totals for each type of abnormality in both zygotene and pachytene cells for both Nellore and Gyr specimens. In spite of having been listed in the Table 1 , the twisters (T) and telomere concentration (TC) (N) and Gyr (G) breeds of Bos taurus indicus. XY-A -intimate connection among the axes XY and autosomes, UL -lateral elements with unequal length, YB -Y chromosome broken, EE -association of two telomeres of one SC (bivalent in arch), DP -delay pairing, UHP -heteropycnoic unpaired segment, TAtelomere association, U -univalent, B -break, PF -pairing failure, UP -unpaired part, T -twister, TC -telomeres concentration. Zzygotene, P -pachytene.
observations have not been counted as abnormalities because they were normal configurations in the phases in which they occurred. The total number of abnormalities observed in the Nellore and Gyr breeds was not significantly different (w=0.720, p=0.396). On the other hand, the sum of the abnormalities that occurred in the middle pachytene and in the late pachytene revealed significant differences between Nellore and Gyr breeds (w= 1.269, p=0.004 and w=5.455, p=0.022, respectively).
The frequency of cells with abnormalities in zygotene and pachytene for each one of the breeds studied is presented in Table 3 . Considering the total values, the Nellore breed exhibited 30.00% of cells with abnormalities while the Gyr breed had 11.11%. However, the evidence that there is a difference between the breeds with regard to the frequency of cells with abnormalities is not strong (p=0.079). Based on the total values for both breeds, the subspecies Bos taurus indicus had 16.92% of cells showing abnormalities (Table 3) with 62.82% of these abnormalities occurring in zygotene and 37.18% occurring in pachytene. 
DISCUSSION
Primary spermatocytes of Bos taurus indicus of the Nellore and Gyr breeds exhibited 29 acrocentric autosomal bivalents and one sexual bivalent as observed by DOLLIN et al. (1989) for other breeds of the same subspecies. Among the chromosomes, a very orderly lateral element was formed with its axes separated by a distance of 100 nm as observed in other mammals (GILLIES 1989) . In both breeds of B. t. indicus, the synapsis began only in an extremity of the biva lent and continued in a linear way to the other extremity. A similar mechanism of chromosome synapsis was observed in bulls (DOLLIN et al. 1989 ) and deer mouse (GREENBAUM et al. 1986 ). The morphological analyses of SC showed that the development of the zygotene and pachytene were identical to that observed for other mammals such as the Chinese hamster (MOSES 1977a, b; CARNEIRO et al. 1991) , deer mouse (GREENBAUM et al. 1986 ) and rodents (FAGUNDES and YONENAGA-YASSUDA 1996) .
The most frequently abnormality observed in Nellore and Gyr breeds was pairing failure which was also the most frequently abnormality observed in specimens of B. t. indicus of the Brahman, Sawihal, and Africander breeds (DOLLIN et al. 1989) . Partial pairing of bivalents, lateral elements with unequal lenghts and univalent segments may be caused by heterochromatin polymorphysms, chromosomal rearrangements or disturbances in the pairing mechanism as suggested for other species (SHARP 1986; HALE and GREENBAUM 1988; SUDMAN et al. 1989; FAGUNDES and YONENAGA-YASSUDA 1996) .
In our study, it was also observed that the Y chromosome was broken in the carry pachytene in several cells of Nellore and Gyr and the remaining portion of the Y chromosome was separated from the paired segment. Similar occurrence was registered in other breeds of Bos taurus by DOLLIN et al. (1989) and SWITONSKI et al. (1990) and in buffalos by DAI et al. (1994) . DOLLIN et al. (1989) suggested that in bovine a weak point may exist in the Y chromosome making this chromosome susceptible to breaks during the SC preparations. The Nellore and Gyr breeds of Bos taurus indicus revealed a total of 16.92% of cells with abnormalities. Adding up the number of occurrence of all abnormalities, significant differences between Nellore and Gyr breeds were not observed (p=0.079). DOLLIN et al. (1989) observed the occurrence of 9.00% of cells with abnormalities in the Brahman, Afrikander and Sahiwal breeds of B. t. indicus. The comparison between the data from the present study and those of DOLLIN et al. (1989) showed a significant difference (p=0.107). Even so, when the individual values of the Nellore (30.00%) and Gyr (11.11%) breeds were compared, it was observed that the differences between the animals of the Brahman, Afrikander and Sahiwal breeds were related to bulls of the Nellore breed (p=0.014) and that there were not significant differences for the bulls of the Gyr breed (p=0.775). The existence of differences within the Gyr breed may be due to the fact that this breed corresponds to the homonymous original breed of India and it reached a high degree of racial purity in Brazil (SANTIAGO 1972) . On the other hand, the existence of significant differences in the Nellore breed can be explained by the fact that in spite of its relationship with the Ongole breed of India, the Brazilian animals show evident signs of the infusion of blood of the several different breeds during the initial phase of their introduction (SANTIAGO 1972) .
Among the 16.92% of cells with abnormali ties found in Nellore and Gyr breeds, 62.82% were observed in zygotene and 37.18% in pach-ytene. The analyses in B. t. indicus of the Brahman, Afrikander and Sahiwal breeds showed that among the 9.00% of the cells with abnor malities, 83.00% occurred in zygotene and 17.00% in pachytene (DOLLIN et al. 1989) . The decline in the proportion of pairing failure with the progression of the meiosis suggests that some kind of synaptic adjustments may occur in some chromosomes as proposed by DOLLIN et al. (1989) . The existence of a high number of cells with abnormalities in pachytene in Nellore and Gyr breeds suggests that the mechanisms of synapsis adjustment has reduced efficiency in those breeds.
Considering the observations of FONSECA (1989) that zebu cattle in Brazil show about 40.00% of fertility disturbance, the presence of 16.92% of cells with abnormalities in Nellore and Gyr suggests that meiotic abnormalities may be responsible for a significant part of these fertility problems. Future studies relating the fertility rate to the occurrence of abnormali ties of SC should be useful in the determination of the causes of fertility problems in bulls of the subspecies of Bos taurus indicus.
